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Introduction

The IISeof inlr)ltil~ofl~lol-csccnceIIassi~nificantl)- e::panded

identification, cntlnleration,and localization of specific l:licro-

org~nisms in l}otbaq~latic and terrestrial habitats (Fliermans

~~ -y..,.. 1974; Fliermans and Sch;l~idt1975 ; Sc]lmidt,Gi az. 1968;

and Schmidt.1973). There are t~iobasic approaches to the

fluoresce~lt antibody technique; direct :lndindirect. The direct

a;]proach relies on the production of an antibody aSainst a gil,en

antigen and tile coupling of that zntil)odjrv(itha fl~lorescent dye

forming the fluorescent antibody (F:\)complex. Tileantigen is

then directly reacted Ifiththe F.Aunder a specific set of con-

ditions and obserlredby fluorescence micros~op!,o The fluorescing

:?l~tigcll-alltibo~l}’complc. x is scored 1]~~a Subjectil:e IIieasure:nentof

fluorescent intensit~~ in relation to backgrolllld,thereb)’ conl~>:lring

the staining of an unl(nol~nalltigcn to the hoIlolo:cL15system.

The indirect ~pproach is a tiio-sta:e -svstcm j~herebj”tllc

antigen is first colnplc>:cd~~ith a ho~lologous antibody.
I

Tl~is

antigei~-antjbody complex is then reacted \\’itlla fluorescently

labeled antiglobulin, homologous to the unlai~elcd ailtibod::used

in the initial reaction. The indirect procedure allol~sthe

iIl~!entificationof an unl<nol~nantige~l as v;ell:Istiletiter of
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Tn~muIlof’l[~orcsccllccdata deril”ed fro:necological studies hale

not been cluantified OthC’T tllallby 511bjcctil’el!-com[>:irin:sl>cci:ncn

fl[iorescence ~~ithth:ltOf the b:~ck~l-oundand/or other heterologous

SlICCimCIIS(Bo]I1oo1and Schmidt 197(1;l’ugsle>and I:rison1!J74m,

1) ; Eo!Ilool:lndBrocl< 1!171). SilcllIIlc’asurelncntsof immLlnoflLlores-

cence do r,otal 10I{the ~lirect assessment of silnilarit)”among

flllorescin: bacteria. Bcc:lllseFIIs:>ecificit>-rIaj’l“arj-dc~~endill~

on the microorg:lnism (I:lierm:lnset ai, 1974; Scllrliclt1!JT3)

:lntigcnicall>~related microorganisms ~rouldbe s~’]>aratcdonly I<hCII

measured objcctil~ely.

I’hi.s~~aI]erdescribes the l>~el~ar:ltionof antibodies for v~rious

~-~~:~hila,demonstrates tl~estrzin Sl>ccificitystrcllnsof .~.+:~~zcv?onzs71~~.,._~

of t~leantibodies by direct ilnI]l~]nofl~lorcsccIlce,and describes the

utilization of fluorescence pl:otometr~~to measure differences and

simile.rities among strains isolated from a ~:lriet~-of ll:lt~lral

habitats.

Flate!”ialsand tlethods



and inc~lbated at 57°C for 20 hoLIrs. Isolates I!:creconfirlllcdas

ajltiscra. Cells ~~ereharlrested I>ycentrif,~~ation, ~vasl~cdthree

tilnes in plj!’sioloflicalsaline, and resuspended in p!los~>]latebufier

(p[{7.2) to a Klett turhidit>- of 1S0 (green filte~). l-hecell

sl~spension ‘biasthen heated in a boiling ~~atcrbath for LIO~~linlltes

to inactivate fa:ellar antiSens. ~lert]liol:lte(l:loo[l~~fill:llcoll-

ccntration) v:os added to the anti~erl suspension, and the suspension
,

detern]ined by tube aggl[ltination. lillcnagglutinati]lg antibody

titers for the hon]ologous antigen l,rcregreater th~.n 1:2560, antisera

~(erel~:~rl”estedby cardiac puncture, pooled fro)nanlongthe tri~jlicate

rabbits , fr:lctiollated,and conjllg:~tcdto fl~lorcsccin isot!lioc>”:~n:lte

is~>l:ler1 (BJIL,coc~e:;s~ille, !,l~). ,411procedures ~ceredescribed

prc~iolsl)r (Scllnlidt,et QZ. 1968).
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Cpifluorescence c,

filters optimized

i~othioc!rc.nate.

mercury flrclamp I_

,ndenser 111 RS ~rithboth barrier and exciter

for the excitation and emission of fl~lorescein

,ig]~tp:~t]llt~s from t]le]lig~}presstlre 200-i~att

rcd s[l;>rcssorfilter. T\iO CXCj

traT~smission of light from .155

heat-absorbing filter nnd a EG-3S

tcr filters, LP155 and KP50()allov:ed

km to 500 um, since the maximjLlm

~:avelcngtb for absorption of FITC is 490 ~m (Sairn 1969). :lddi-

tionally, the LP51O chroriatic filter tral~snlittedlight abol.~e

310 l+mthrough an LP520 barrier filter to decrc~se back~rollnd and

enhance the maximum fluorescence of FITC at 520 ~~m (Xairn 1969).

Planacl~rom:~toil inmersio]l ob~cctives 40x/1.0, 63x/1.-l and

100x/1.25 ~,itllvariable n.~:nericalfipertures i(rreused for ~~ie~~ing

Sl>CCilllci15. Color ]Illotoillicrogral)llsI:eret:ll<enI{itllGil;film

:1S,1200-24”Din ~ritlla 30-second expos~lre.
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I:n)llunofl~loresccnce l::lsmea5Llrcd CIllantit:ltivcl; 11’it]l,A lciss

l)llotolncter-Illdicator NIPKIO1conncctcd to a ]I!ltlto]llllltipljcl-cell

capal)le of measuring fluorescence from a 0.5--k:m-~~i:l])lctcrparticle.

~Oth baCk~l”OLllld flLIOreSCCIICC :Lnd FITC fluorcsri.ng specimens ~(ere

lxcasured Iiith a l->~m-ciiamcter]3robc. Pllotom~tric indic:ltor

settings itcrcas follot~s: dalllpingcontrol for avcr:lging fl~lores-

ccncc displa)r b}’digital readout, 0.5 (40 individllal readings are

alcraged dl[ring 0.5 second); mocle selector l::isin the ?,tr<3ns-

mission mode; hig}lloltagc selector I;asoptimi:cd for scnsitivit>r

at .asetting of 4 (approxi.matclj’S50 volts); gain co?ltrol for

oml>lifier sensiti~-ity t~’asset at 100; and the zero s~lppression

and concentration factor dials \icre iil the off position. [ndividua]

cells Iieremc:+sured by first measuring the fluorescence intensit>’

of the b:lcte~ia cell 3])(1di.1’idin~it b~”the l>ackgroLIIld intcnsit!r.

SiIn:lltp.neol~s])-,cellular intensity i~asrleas~lredb!rcon~entional

s:ll>jcctil’emct]lods (L:LBrcc,<:i~~. lkl~~;S:lirll lg~:])>

Results

._-,,.P-,,,... r,.”~- “ _3~,,?--n-r.~p’ ... ..<,.G/>~b...<./:: /:;:~f,~~~f,~s~.— ..-,.—..4

‘~lledat,ain Table 1 indicate tl~mt initial tests ~:itlltl~eun-

conjugated antisera gencrall)r ga~~egood ag~lutination titers and

~ach co;ljug~tcd antisera demonstrated e~cellent ill~~}ll]lofluores~encc

staining reaction ~~.ithits homologous antigen although the gross

cellular mor~]llolog~r~:asdifferent (Figure 1). ,\ggluti~~atiCJn

titers i:or:1.~::t.?l~,s;:>~?”. ..a 7!~66against t]lctested hctcrologOus

antisera lacked sl]ecificity both for tube agglutination and
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clear l)hotolnetricall)’

rc:lctcd ~\’elllriththe

from’.the ~:c:{kerrcac-

lCYC1 of reactivity

.\lthOU!’hthe IlL171’,]>Cr.>
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O\cr .350different

lJnited States h:~vebeen

ar~tibiotic scnsitilrit!r)

Cj .Iz. 1s)7s). ;\nt.iscr<?

:\)6(j,~;lc ~,eotj-]~estr:iin fl’om:~’~CC,1{:~.snot s]~ecics specific nor

reacti~c ~iithtl~cmajority of isolates from ~~ater,re(l-sore

infcctcd largcmough bass, nor tissllc from necropsied alligators

(Fliermans , unIlublished rcSultS). SLIbSC({LICnt]~, isolates t!-l>ical

of those from ~;ater, IID1fl;red-sore lesions on larserlouthbass,

B323L; and from the lung of nccropsiecl alligator infected i{ith

‘--’~>~~:tcs,GLS1; ~,’ere.lsedto prepore,--~., strain sl>ecific antibodies.

YumeroLlsl;.;:g~l’o~hllcisolates [255) I:erethen tested agoinst

the prepared ~nti~lodies, and the serological relationships ~t’ere

co:llj>aredc]Llantitatil:cly[Table 3).

!lostof ~solates lrercobtained fl-om~’ar1’ond~ihichhas

;>rc~.iollsl~l]ccn(iescribe~l[!:ljcrmansj <;:;7.., 1977). Tiles:l]JI;)lcs

:Indi]ll:~~~]lo~:l~lorcsccllcc rc:lct ions i-or each a:lti~:ell–:llltil>o~l>rcol:l]?le.x

hale been condensed, :~llcio:ll~’the n{~ml)cr of isol:ltcs test e~i, the

:~e~n, range, ‘and st.and~rcierror of the ~’e:~ct.ions<arereported ~Ccr

each group of isolates (T’:lble5). :Inal!-sisof variance and Student

!Jel{r.an-!{eulmultiple range tests indicated that the mean of the

i]lllnulloflLlor-escencere:lction for .4. ~l~:il’o~;;i~cfrom freshp:ater
I

P

.
i~abitats stained ~{ithllDli’IF.AIteresignificantly different (0.05 ~

Ie’:eljfrom all other isolates. ,ld~iitionall),all otllcr grou;)s

of isalzltes did not react significantly l{ith F~\]?repared a:gainst
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‘r]ledtltc in ‘rable 1 indicate the various antisera Nti ~fcre /’

specific for selected strains of fl..k~lcll’oi~liilc.E:lchrecentl}’

i~ol:lted strain ~iasspecific i-orits ho:nologous Sjrsteml:itlimini-

m:ll cross reaction as rneasureclb>’tube agglutination and

i:n~LLl~loflllorescence.

l’arious homologous and heterologous antigen-:lllti.bodycomplexes

I{erepreparcci and obscrl-ed both subjcctivel)r OIld q~lantitativcl)r

L!sing fl~~ol>escencemicroscol>)-:Indfl~~oresccnce photo[llct~-ic

IT.icroscop)’jrcs]>cctivcl>-. lEnnL:~Iofl~lorcscellcc re:l.ctiol~s h~c~-e

q:i~.lltil-icd01131zIfluorescing fi~lti2c11-:~~3ti’:>acl!“coml~lexcs ~lsing

a ]-2riet!-of conj~lgfltcdsera that l:ereboth s;~ecific :Ind:~on-

s;]ecific i~.their homologous staining characteristics (Table 2).

InclunoflLlo~-esceTlcc~rasgrouped initiall)rb!’sllbjecti~-eobserva-

tions any then by photometric readings. The antigen-antibody

complexes ~<Tellel-all}-I{crcplaced in one of six react i~,-cgro~]ps.

5LiC]lgrouping li’ascoilfirmed b>’quantitltiYe ]~]:oto;l~tr~’..111

ailditiol~al5+ groLlpI(asobser~ed onl}”by photometry and did

not a]>pearbl”lg]lterthan t]le-1+grouping using s~lbjecti~e
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:llloiiedLlistinctions bCtIiCC’Tlrcl:lted Hlicroor:.anis]nsIiitll~L’:{r>ing

Stl,,[,cstcdt]l:it~ ~,~riet>, Of stT:~in5 ;nay exist in nat’.:re.D., ,\ltllo~lgil

only nine ~iifferent isolates of ,;.3;;;.:.!:’?t’k;Z:zliel”~tested., tl~ose

isol:lted fronlI(ater\:ere significantly less virulent t!lanstrains

fro~ldisc:.sed fish, elcn tllougil211 ]Iine isolates l(c~-ei>iocllcl:li-

call)’icicntical.

niaynot be, in f:.et,an intergral hart of tl)athabitat. .\l1

tllrce of tl~eisolates dc]nonstrated sin~ilarbiocl~en]icall>rol~crties

as measured ?)~r:{PI–20E(.\nat:llls,Inc.) and si~nila~-antil)iotic v

sensitirit!’. Single linkage cluster anal!”ses of tilebioclleinicol
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taken from I>assor tileAmerican

of fl~~orcsccnce jol~otomctxicmicros-

tjq)ing of a l>articLll:irmicroorganism
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